and neuromuscular disorders associated in man with disturbances of the thyroid gland (4, 8, 9, 15, 18, 2 1, 23., 24, 27-29) , but very little is known about the direct effects of the hormone on the electrophysiological properties of the mammalian neuromuscular junction.
In fact, data available do not indicate that synaptic function has been closely examined in either hyper-or hypothyroidism.
In these experiments we have studied isolated neuromuscular junctions in vitro from rats made hyper-or hypothyroid and have compared the findings with those in control animals of similar age and weight at the same temperature.
In addition to the microphysiological studies on synaptic events, we have also examined the mechanical properties of the three groups of muscles under a number of different experimental conditions. The latter investigations have been reported separately by Liley and North (16) . If the limiting factor in 02 availability for the muscles was the replenishment of dissolved gas, the oxygenation technic should have been more than adequate for both control and hyperthyroid preparations.
The organ bath temperature was continuously monitored and was kept within 0.5 C of the various desired values by means of a water jacket. Mechanical responses in vitro were recorded with a small transducer (RCA 5734) to the pin of which was fixed the apical portion of the central diaphragmatic tendon. The muscle was stretched slightly until maximum twitch tension was obtained and was stimulated through the phrenic nerve by supramaximal shocks of .06 msec duration. For direct stimulation the muscle was mounted across two large metal strips, or silver wires, the tendon was fixed as before, and shocks of 1.5-3 msec duration were applied. When the hindlimb muscles were also studied (in vivo), the anesthetized animal's gastrocnemius-soleus tendon was tied to a larger transducer (Grass FT03, Grass Instrument Co., Quincy, Mass.), while the sciatic nerve was stimulated in the thigh. Likewise, the effects of very rapid release from a small pool might look the same, in terms of fractional depletion, as a total failure of mobilization or refilling, and to understand the events behind a given change it is therefore necessary to make more quantitative estimates of transmitter release. This has been done by plotting the actual number of transmitter units released in the initial impulse and the next nine from junctions in the three animal groups. The early run-down process, and the level from which it started then can be used to evaluate such parameters as the probability of release, the size of the immediately releasable store, and the rate of replenishment (7). The two types of depletion curves are shown in Fig. 1 . In A are the values of EPP amplitude, plotted as a percent of the first, in lo-impulse trains in the three groups of animals. Fig. 123 illustrates the absolute values of quantum content (nz) per EPP in the first 10 responses, along with the average number of units ejected by each nerve impulse during the following sustained tetanus at 20 Hz. Under these conditions the three fractional depletion curves were indistinguishable, as were the rundowns of actual quantum number in the first 10 EPPs from their respective beginning levels. The mean quantum content of the first EPP, as shown at the left in Fig. lB , is not significantly different from normal in either of the other two groups of animals. The hyperthyroid nerve terminals did not eject significantly more than normal amounts of transmitter per EPP during a 50-to lOO-impulse steady tetanus after initial rundown. Surprisingly, however, the hypothyroid junctions were able to maintain a slightly higher output during tetanization at 30 C (5 animals).
The change is barely significant at 30 C (0.02 > P > 0.01) but is confirmed at 22 C, where seven junctions from two hypothyroid preparations were able to maintain a mean "plateau" output of 54.4 =t 12.1 quanta per EPP, a value higher than that for normal animals at 37 C. It was interest in this seemingly paradoxical plateau response that led to the study of nearly twice as many hypothyroid fibers during rundown (3 1 hypo, 18 normal, 18 hyper).
It should be noted in this connection that the hypothyroid preparations showed this relative potentiation of transmitter release only after repetitive stimulation and not at the beginning.
In fact, from the curves of Fig. 1 , it appears that the resting hypothyroid nerve terminal has neither an unusually large store of immediately releasable quanta nor a higher probability of release. After continued stimulation, however, the mobilization and replenishment process seems to be even slightly more active than normal. From these findings it was concluded that no functional abnormalities in neuromuscular transmission would be expected in vivo as a result of change in the immediately releasable transmitter pool or the kinetics of the early replenishment process produced by hypo-or hyperthyroidism. However, the problem is not that simple, as there tiere more multiquantal MEPPs (or at least "giant" MEPPs) in the hypothyroid muscles, and these contributed to the scatter of results. Typically the giant responses were just 2 or 3 times the amplitude of all the rest, and if they appeared to be such a multiple, or if they showed a notch or shoulder on the upsweep, they were automatically excluded from calculatons. Despite attempts to reject such potentials, the greater dispersion of values about the hypothyroid mean (Table 3 ) suggests that a sampling error has not been completely
